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To explore the potential of SMAP 
SSS in monitoring the Arctic 
Ocean, JPL SMAP algorithm (V4.3) 
experimentally allows SSS 
retrieval in Level 2 cells with 
matchup SIC up to 3% (without 
any sea ice correction), instead of 
0.5% SIC previously used. 

Qualitatively, the locations of 
relatively low SSS are consistent 
with the patterns of sea ice as 
seen in SIC data.

But, quantitatively, the magnitude 
of the low SSS near the ice edge 
may contain error due to 
uncorrected sea ice 
contamination in scene mixed 
with ice and water.

Motivation: develop a sea ice correction algorithm to improve SMAP SSS retrieval in the Arctic Ocean



TB polarization difference (dTb=TbV-TbH) well correlates with the spatial 
pattern of sea ice concentration: closed ice has low dTb, open water has 
high dTb, and high/low mixed dTbaround the ice edge. This suggests dTbas 
an optional filter for SSS retrieval in addition to ancillary sea ice data.

April 22, 2016 Arctic Ocean sea ice reached the maximum extend 
right before the onset of the sea ice melting season

Sea ice characteristics in SMAP Radiometer brightness temperature

Seasonal variation of TB over ice
Time series of the TB (peak) for closed ice (SIC > 
98%). In two months period following the onset 
of sea ice melt (end of April or early May), TB 
over ice drops more than 30K. The physical 
mechanisms causing this drop is likely
associated with snow cover, melting pond, or 
seasonal warming on ice surface. This supports a 
data-driven approach to remove sea ice effect for 
SSS retrieval. 

SIC contours: 3, 15, 30, 98% 

TBv-TBh Sea Ice Concentration

Daily time series of TBvand TBh(SIC>98%)



Method: An empirical algorithm of sea ice correction (1)

The brightness temperature measured in a scene mixed with sea ice and water is 
represented by

Ὕὄ Ȣ ρ Ὢ Ὕὄ Ὢ Ὕὄ (1)

where fice is the fraction of sea ice in the radiometer field of view (FOV), estimated on each 
SMAP L1B pixel by integrating the sea ice concentration (SIC) weighted by SMAP antenna 
gain G , i.e.
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üWe have computed fice based on Eq.(2) for each pixel in SMAP L1B data.

üThe key is how to separate the contributions from the ice portion (TBice) and the water 
portion (TBwater) within the footprint.

üWe propose to use the single pixel algorithm (SPA), similar to [Chaubellet al., 2019] 
which was used to improve TB measurements near coastal areas for SMAP soil moisture 
retrieval, with modification considering the characteristics of sea ice. 



For a pre-determined threthold Fice
thred., we divide SMAP L1B TB in one orbit 

into two sets: water set (fice < Fice
thred.) and ice set (fice >= Fice

thred.)
Pass-1: Remove water contribution from pixels in the ice set
For each pixel (i0,j0) in the ice set,

Ὕ ὭȟὮ
Ὕ ȢὭȟὮ ρ Ὢ ὭȟὮ Ὕȟȟ

Ὢ ὭȟὮ

where Ὕȟȟ ƛǎ ƳŜŀǎǳǊŜŘ ¢. ŀǾŜǊŀƎŜŘ ƻǾŜǊ άǇǳǊŜέ ǿŀǘŜǊ ǇƛȄŜƭǎ όfice
<0.05) in a large area surrounding (i,j) (e.g. 20 grid space).
Pass-2: Remove ice contribution from pixels in the water set
For each pixel (i,j) in the water set,
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where Ὕȟȟ is average of TBice obtained in pass-1 of ice pixels found in a 
small area surrounding (i,j) (for example, those pixels among the 9 nearest 
neighbors of (i,j) with fice >= Fice

thred.).

Method: An empirical sea ice correction algorithm (2)



Impact of the sea ice correction (1): spatial patterns

Before sea ice corr.

After sea ice corr.

Bering Strait

Chukchi 
Sea

Beaufort
Sea

We applied the empirical sea ice 
correction algorithm on SMAP L1B 
data wherever the ice fraction is less 
than 15%. 

In the Beaufort Sea, on August 5, 
2016, high TBs are observed near 
the ice edge, which is reduced by 
>10K into the range reasonable for 
SSS retrieval

Ancillary SIC data and its derivative 
show rapid change in sea ice 
situation. 



Impact of the sea ice correction (2): dependence in ice fraction

The reduction in TB (TB 
beforeminus TB after) 
increases with ice fraction, 
reaching maximum of 25K 
for H-pol and 20K for V-pol at 
Fice

thred. (15%).

Note the algorithm designed 
for correction near ice edge 
is most effective close to 
Fice

thred. It takes no action for 
pixels with no adjacent ice 
pixel be found.

TB for no correction pixels 
(green)show very small 
increases with ice fraction 
and are in the reasonable 
range for SSS retrieval.

H-pol V-pol

Before correction

After correction

TB before (black) and TB after (red)sea ice correction, andTB with no correction (green)are bin-
averaged in terms of ice fraction (vertical bars indicate the standard deviation).Blue dotsshow the 
percentage of pixels corrected within the ice fraction bin.



Future work
We are currently collecting in situ salinity 
measurements in Arctic Ocean 
particularly near the ice edge to validate 
SSS retrieval with sea ice correction

The proposed 2-passes sea ice correction 
algorithm will be fine-tuned iteratively 
with feedbacks from validation analysis

We plan to implement the sea ice 
correction as a pre-processor for 
operational SMAP L2B SSS retrieval

SMAP SSS (V4.3) comparison with salinity measured by the NASA 
saildrone(SD 1036), which is one of the five saildronesin the 2019 
Arctic Mission. Crossing through the Bering Strait into the Chukchi 
Sea, the overall salinity structure depicted by satellite and saildrone
agree very well. Understand the difference between satellite and 
saildronein conjunction with the simultaneous saildrone
measurements in addition to salinity (e.g. SST, wind speed and 
direction) and the sea ice environment during the observation will 
help us  fine-tune the sea ice correction algorithm to improve the 
satellite retrieval near the ice edge. 
[SaildroneSD1036 salinity data from Dr. ChelleGentemann]


